The aim of this systematic review was to identify the reported barriers to regular exercise among adults either at high risk or already diagnosed with type 2 diabetes (T2D), because of the importance of exercise in the prevention of T2D. We searched the MEDLINE, Cinahl and PsycINFO databases. All potentially relevant articles were reviewed by two researchers, and 67 titles were found, of which 13 papers met inclusion criteria. Internal and external barriers to exercise were identified among adults either at high risk of T2D or already diagnosed. Internal barriers were factors which were influenced by the individual's own decisionmaking, and external barriers included factors which were outside of the individual's own control. It is important for counselling to identify the internal and external barriers to regular exercise. In this way, the content of counselling can be developed, and solutions to the barriers can be discussed and identified. Further research on the barriers to regular exercise is needed.
INTRODUCTION
An increase in the number of sedentary adults is one reason behind today's continuously rising prevalence of type 2 diabetes (T2D). The total number of people with diabetes is estimated to increase from 171 million in 2000 to 366 million by 2030 (Wild et al., 2004) . This predicted diabetes pandemic means that hundreds of millions of people are at high risk of T2D. Lifestyle changes such as regular exercise, healthy dietary habits and weight loss are important in the prevention of T2D (Hu et al., 1999 (Hu et al., , 2001 Tuomilehto et al., 2001; Knowler et al., 2002; Kosaka et al., 2005; Laaksonen et al., 2005; Lindströ m et al., 2006) . Exercise improves insulin sensitivity, and thus prevents T2D (Swartz et al., 2003; Yamanouchi et al., 1995) . It also has several benefits to the health of type 2 diabetic individuals (Albright et al., 2000) . The question of how to motivate sedentary adults to exercise regularly is an important issue which needs to be answered.
Perceived barriers to exercise are important in the self-management of T2D (Glasgow et al., 1997; Hays and Clarke, 1999; Koch, 2002; Cox et al., 2004) because by identifying the barriers, an individual can find solutions to them and possibly focus on the benefits more strongly than the barriers or disbenefits (Nagelkerk et al., 2006) . This information is needed in order to develop effective exercise counselling contents, methods and campaigns to motivate and help sedentary overweight adults at high risk or already diagnosed with T2D to exercise regularly. Earlier studies on barriers to regular exercise have been carried out in several patient groups such as those with osteoporosis and osteoarthritis (Shin et al., 2006) , urinary incontinence (Nygaard et al., 2005) and haemodialysis (Goodman and Ballou, 2004) and also among healthy adults of different ages (Plonczynski, 2000; Resnick and Spellbring, 2000; Stutts, 2002; Schneider et al., 2003; Schutzer and Graves, 2004; Thurston and Green, 2004; Kilpatrick et al., 2005; Allender et al., 2006; Kaewthummanukul et al., 2006; Teixeira et al., 2006; Lee et al., 2007; Sit et al., 2008) . The purpose of this systematic review was to evaluate what is known about the barriers to regular exercise among individuals either at high risk or already diagnosed with T2D.
METHOD

Search protocol
An extensive search of the literature published up to June 2008 was undertaken using the electronic databases MEDLINE, PsycINFO, Cochrane and Cinahl (Cumulative Index to Nursing and Allied Health Literature). The used keywords and phrases were barrier or barriers, and the following MeSH terms: exercise or physical activity, and T2D. The Cochrane database contained no paper on this subject.
Paper selection
A total of 67 potentially relevant papers were identified from the databases. The inclusion criteria were that the paper was: (i) written in English; (ii) a peer-reviewed scientific article and (iii) involved barriers to exercise or physical activity among persons either at high risk or already diagnosed with T2D. Exclusion criteria of the papers were: (i) focus on children or adolescents; (ii) focus on persons with serious mental illness or (iii) no focus on the content of the barriers. Both quantitative and qualitative studies were included in this review due to the limited number of papers.
A five-phase process was used (Figure 1 ). During the first stage, the researcher (E.E.K.) examined the titles and in the second stage, the abstracts. In the third stage, the researcher (E.E.K.) evaluated the retained papers as whole articles. Next the researcher (M.A.A.) examined the papers again, independently, according to the selection criteria. The researchers discussed papers considered 'borderline' for inclusion until consensus was reached.
After screening titles and abstracts, we retrieved 30 articles in full text. Sixteen studies were eliminated, mainly due to no mention of barriers in the focus and results of the study (Hays and Clarke, 1999; Aljasem et al., 2001; Koch, 2002; Cox et al., 2004; Wen et al., 2004) . One of the eliminated studies did not include any factors on how the risk of T2D was evaluated (Carter-Nolan et al., 1996) . In their review, Kirk et al. (Kirk et al., 2007) studied physical activity consultation for people with T2D and also demonstrated barriers to regular exercise. Their review contained two studies, one of which (Swift et al., 1995) is also included in this review. The other was eliminated because its content did not deal with barriers to regular exercise (Wilson et al., 1986) . Due to this, Kirk et al.'s study (2007) was not included in the present review. A process of this systematic review is described in Figure 1 . Inclusion criteria were met by 13 articles altogether. Table 1 shows the included qualitative studies and Table 2 contains the quantitative studies.
Data analyses
Data were analysed by inductive content analysis (Graneheim and Lundman, 2004; Elo and Kyngä s, 2008) , the process of which is presented in Table 3 . First, the results from the included papers were gathered; the barriers with the same meaning were grouped into subcategories named according to the content. Then the main categories were identified.
RESULTS
Methodological characteristics of the studies Aims, designs, samples and data collection of the study reports were analysed (Tables 1 and  2 ). The included studies had several different aims, but each of them described barriers to regular exercise. Data were collected by questionnaires in quantitative studies (n ¼ 9) and by interviews with different techniques in qualitative studies (n ¼ 4). The studies were executed between 1991 and 2007 in six countries: the UK, the USA, South Africa, Kuwait, Australia and Canada. The numbers of interviewed individuals were from 23 to 39 in qualitative studies. The total number of study participants was 3465, ranging from 23 to 1000 in the Barriers to regular exercise 417 individual studies. One study included individuals at high risk of T2D, and the others (n ¼ 12) included individuals already diagnosed with T2D.
The barriers to regular exercise among persons at high risk or already diagnosed with T2D Two kinds of barriers to regular exercise were identified within the papers reviewed. These were internal and external barriers (Table 3) . The internal barriers included factors which could be influenced by the individual's own decision-making, for example lack of time. Due to these factors, the individual feels that the reasons, goals and benefits of exercise are insufficient (health problems, exercise is not motivating) compared to the costs of exercising ( pain, tiredness, feeling that exercise is uncomfortable, negative emotions). Internal barriers also included emotions such as shame (Swift et al., 1995; Shultz Armstrong et al., 2001; Mier et al., 2007) , laziness (Van Rooijen et al., 2002; Dye et al., 2003; Mier et al., 2007; White et al., 2007) and fear of exercise (Swift et al., 1995; Wanko et al., 2004; Donahue et al., 2006; Lawton et al., 2006; Mier et al., 2007) . At the root of these feelings was poor health or overweight (Swift et al., 1995; Shultz Armstrong et al., 2001; Mier et al., 2007) . Overweight subjects often found exercise (Swift et al., 1995; Shultz Armstrong et al., 2001; Mier et al., 2007) . Difficult life situations also presented barriers to exercise (Searle and Ready 1991; Van Rooijen et al., 2002; Thomas et al., 2004; Dutton et al., 2005; Mier et al., 2007) , and lack of time was a common excuse (Searle and Ready, 1991; Shultz Armstrong et al., 2001; Van Rooijen et al., 2002; Thomas et al., 2004; Dutton et al., 2005; Donahue et al., 2006; Lawton et al., 2006; White et al., 2007) . Difficulties in finding time for exercising were due to work or home duties.
External barriers included factors which are independent of an individual's decision-making, such as weather (Shultz Armstrong et al., 2001; Thomas et al., 2004; Lawton et al., 2006; White et al., 2007; Mier et al., 2007; Serour et al., 2007) or cultural barriers (Van Rooijen et al., 2002; Lawton et al., 2006) . These factors prevented exercising through, for instance, the lack of exercise facilities (Searle and Ready, 1991; Mier et al., 2007) . Factors such as lack of social support (Searle and Ready, 1991; Dutton et al., 2005) also affect motivation to exercise.
DISCUSSION
We evaluated in this review what is known about the barriers to regular exercise among individuals at high risk or already diagnosed with T2D. We identified two kinds of barriers to regular exercise: internal and external barriers. This systematic review shows that limited knowledge exists on the barriers to regular exercise among adults at high risk or already diagnosed with T2D.
Exercise was not motivating because it was uncomfortable and involved sweating, and physical discomfort. The feeling of being too fat to exercise is a common barrier among overweight adults (Ball et al., 2000) ; adults of normal weight experience less barriers to exercise than overweight adults (Deforche et al., 2006) . Greater weekly exercise and weight loss are significantly Barriers to regular exercise 423 associated with fewer difficulties with exercise (Carels et al., 2005) . Furthermore, physically active adults experience less barriers to exercise compared with those leading more sedentary lives (Kowal and Fortier 2007) . Vandelanotte et al. (Vandelanotte et al., 2008) have considered that being overweight might be an extra motivator for changing health behaviours. Thus, obesity and overweight need to be taken into account in exercise counselling. Health problems included pain, insufficient health, depression and tiredness. Exercise, either alone, or combined with weight management may reduce self-reported depressive symptoms (Smith et al., 2007) . Regular exercise helps increase the quality and amount of sleep (Verkasalo et al., 2005) and sufficient sleep improves weight control (Knutson et al., 2007) , while short sleep duration is associated with overweight and obesity (Taheri et al., 2004; Gangwisch et al., 2005) .
Prioritizing physical activity, making time for exercise and lessening worry about injuries should be focused on in counselling (Donahue et al., 2006) . In this way, counselling could succeed in increasing physical activity in sedentary individuals at high risk of T2D. Based on the results of this review, we suggest that both external and internal barriers to regular exercise are concrete challenges to the counselling of adults either at high risk or already diagnosed with T2D. The external barriers can be overcome through public knowledge of different facilities for exercise and by further developing the facilities. Information is often insufficient in order to motivate people to exercise, but is an essential part of the content of counselling. However, we suggest that the internal barriers may demand more individual counselling. It is possible that all individuals are not aware of the meaning of subjective barriers to motivation to exercise, or own level of exercise. The present review provided and suggested some content the exercise counselling among adults either at high risk or already diagnosed with T2D. The methods in the counselling should support motivation to exercise and at the same time help to recognize and evaluate one's own behaviour. Adults need help to identify the barriers to regular exercise during counselling, followed by support to make decisions and plans to overcome the barriers and thus make changes to their own behaviour.
Our review is the first of its kind to try and bring together the earlier knowledge-based research on barriers to regular exercise among adults either at high risk or already diagnosed with T2D. Although we tried to widely search studies from different databases, some relevant studies in other databases or published in a language other than English may have been missed. The studies were executed mainly between 2004 and 2007. T2D has only been globally topical since the results of some prevention studies (Hu et al., 1999 (Hu et al., , 2001 Tuomilehto et al., 2001; Knowler et al., 2002; Kosaka et al., 2005; Laaksonen et al., 2005; Lindströ m et al., 2006) demonstrated that T2D can be prevented by lifestyle changes such as dietary habits and exercise. Thus, it is understandable that barriers to regular exercise among adults either at high risk of T2D or already diagnosed with T2D have only been studied since those studies for a few years. Limitations in inclusion and exclusion criteria are possible.
Four reviewed qualitative studies were comprehensively executed and reported (Van Rooijen et al., 2002; Dye et al., 2003; Lawton et al., 2006; Mier et al., 2007) . Qualitative data were based on interviews with different methods (Van Rooijen et al., 2002; Dye et al., 2003; Lawton et al., 2006; Mier et al., 2007) . Interviewed individuals are not necessarily reflective of the entire adult population either at risk or already diagnosed with T2D. Although the generalizability of qualitative studies is limited, they provide valuable basic outcomes regarding barriers to exercise which are necessary in order to deepen further research and verify the barriers using statistical methods. The present paper reviewed nine quantitative studies, mostly variables and items for questionnaires, based on earlier literature and studies, and were at most pretested, or the content validity of the questionnaire ensured by a panel of experts (Searle and Ready, 1991; Thomas et al., 2004; Wanko et al., 2004; Dutton et al., 2005; Donahue et al., 2006; White et al., 2007) . However, in order to make it possible to compare the results of studies on barriers to regular exercise between adults at high risk or already diagnosed with T2D, further research using repeatedly validated measures is needed.
As a conclusion to this review, we suggest that it is important to help adults either at high risk or already diagnosed with T2D to identify the barriers to regular exercise and to learn how to solve these problems. In order to achieve this, we need to develop the content and methods of counselling. Further research is also important because of a need to intensify counselling and improve its effectiveness.
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